This study aimed to analyze the clinical application value of computed tomography (CT)-guided hook-wire positioning before thoracoscopic surgery. Eighty-four patients who had received a thoracoscopic wedge resection of pulmonary nodules between January and December 2013 were selected. Group A consisted of 38 cases where the hook-wire positioning technique was not used, and the positioning approaches were intraoperative observation and palpation. Group B consisted of 46 cases where the hook-wire positioning technique was used. The diameter of each nodule was less than 2 cm, and all patients underwent the operation within 2 h of invasive positioning. The evaluation indexes included positioning success rate, positioningrelated complications, and rate of conversion to thoracotomy. In Group A, nine patients (23.68%) underwent conversion to thoracotomy; in Group B, three patients (6.52%) did. This difference was statistically significant (P < 0.05). The average operation duration was 118 ± 21 min in Group A and 53 ± 18 min in Group B. The difference between both groups was statistically significant (P < 0.05). The average length 3799 Positioning of pulmonary nodules ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 14 (2): 3798-3806 (2015) of hospital stay of patients who underwent conversion to thoracotomy was 8.7 ± 2.2 days, and of patients who underwent thoracoscopic pulmonary wedge resection was 4.5 ± 1.6 days. This difference was statistically significant (P < 0.05). Therefore, CT-guided hook-wire positioning of pulmonary nodules before thoracoscopic surgery has clinical application value. It helps to accurately locate the pulmonary nodules, effectively lowers the rate of conversion to thoracotomy, and reduces the operation duration.
INTRODUCTION
As computed tomography (CT) has become widely applied in physical examinations and follow-up visits in tumor patients, more and more pulmonary nodules have been found. However, a pathological diagnosis is still currently the golden criterion for diagnosis (Furman et al., 2013) . Considering that pulmonary nodules with a diameter greater than 5 mm have a very high risk of malignancy, it is necessary to use invasive approaches to obtain a pathological diagnosis. CT-guided percutaneous pulmonary puncture biopsy and fiber bronchoscope biopsy are common methods used to obtain histological samples of pulmonary nodules (Lee et al., 2012) . However, for pulmonary nodules with a diameter less than 1.5 cm the accuracy rate of puncture biopsy decreases significantly. Relevant literature has reported that the possibility of malignancy cannot be excluded in 29% of these nodules, due to a lack of histological evidence (Henschke et al., 2011) . Therefore, for pulmonary nodules with a diameter less than 1 cm, the thoracoscope becomes the unique choice for obtaining histological samples (Shan et al., 2013) . It has been reported that the hook-wire positioning technique has many complications, particularly unhooking (Andrade, 2010; Ambrogi et al., 2012) . In addition, partial reports have indicated that the cutting closer has cut off the steel wires during surgery (Huang et al., 2014) .
This research aims to evaluate the clinical application value of CT-guided positioning before thoracoscopic surgery for pulmonary nodules using outcome parameters such as the success rate of positioning, the rate of conversion to thoracotomy, complications, and accidents.
MATERIAL AND METHODS

Material and equipment
The hook-wire was purchased from BARD, New Jersey, USA; the CT apparatus (Somatom Sensation 32) was purchased from Siemens, Erlangen, Germany; the positioning bed was purchased from Huanxi Medical Apparatus and Instruments Co., Ltd., Shanghai, China; the disposable cutting closer was purchased from Jinning Medical Apparatus and Instruments Co., Ltd., Hefei, China.
Selection of cases
All patients included in the research underwent a thoracoscopic wedge resection, but any with a lump diameter greater than 2 cm or a distance between the lump and the pulmonary pleura greater than 35 mm were excluded (De Boo et al., 2011) .
Between January and December 2013, 84 patients (51 men and 33 women) with pulmonary nodules less than 2 cm in diameter underwent thoracoscopic pulmonary wedge resection in our hospital. With an average age of 57.3 ± 12.6 years (range, 26-72 years), all patients were subject to thoracic CT examinations. Based on measurements from CT images, the diameter of all nodules was less than 2 cm and the average distance between the nodule and the pulmonary pleura was 16 ± 9 mm (range, 0-35 mm). No definite diagnosis was made for any of the patients before surgery.
Experimental grouping
Group A consisted of 38 patients and Group B of 46 patients. Group A received thoracoscopic pulmonary wedge resection, with positioning carried out using intraoperative observation and palpation rather than the hook-wire positioning technique. Group B received thoracoscopic pulmonary wedge resection with preoperative hook-wire positioning.
Each patient had only one pulmonary nodule, and the preoperative CT-guided puncture for all patients was performed by the same doctor. Records were made of the diameter of pulmonary nodules, the distance between the pulmonary nodule and the pleura, and the duration of puncture operation (from administration of local anesthesia to cutting the hook-wire at the level of skin). Records were made of the patients' final pathology results, the success rate of positioning, the ratio of conversion to thoracotomy, the duration of thoracoscopic surgery, postoperative complications, intraoperative accidents, and the average length of hospital stay in days.
Positioning method
On the day of surgery, the patient was transferred to the CT room 2 h before the operation, and the patient and his/her family members signed an informed consent form. The shortest path necessary for puncture determined the patient posture. Three-dimensional coordinates were established using the patients' body surface signs, three-dimensional reconstruction, and the CT puncture biopsy scanning sequence. The needle insertion angle and distance were accurately marked using three-dimensional coordinates, and the puncture points and needle insertion passage were defined using laser positioning lines and body surface signs. After local sterilization and anesthesia, the puncture needle was threaded through the nodule as much as possible, or threaded through the pulmonary tissue most adjacent to the nodule if the nodule was excessively small (Liu et al., 2013) . The hook-wire was released when the trocar needle reached a satisfactory position. A CT reexamination was performed to confirm the position of the hook-wire after the trocar needle was withdrawn. The metal wire was cut off at the level of the skin, and the patient was transferred to the operation room for surgery if the position was satisfactory (Figure 1 ).
Operation method
Routine double-lumen trachea cannulation and one-lung ventilation were performed for the operation. Pulmonary lobectomy and lymph node dissection were required to be performed under an endoscope because pulmonary nodules might be pathologically malignant.
Therefore, the observation incision was located at the 7th rib in the midaxillary line, the main operating incision was located at the 4th rib in the anterior axillary line, and the axillary operating incision was located at the 9th rib. Wedge resections of lumps were performed using a disposable cutting closer. All removed tissue was placed in specimen bags and removed from the body to avoid the possibility of tumor implantation. The specimens were frozen. Pulmonary lobectomy and lymph node dissection were performed under an endoscope if the pathology was primary pulmonary non-small-cell carcinoma (Yoshida et al., 2011) . 
Statistical methods
The data are reported as means ± standard deviation. The chi-square test was used for comparison between the groups. For the multivariate analysis, the logistic regression analysis method was used to evaluate the effect of factors such as lump size and distance from the pleura on the rate of conversion to thoracotomy.
RESULTS
Characteristics of pulmonary nodules
There were 29 patients in Group A and 21 patients in Group B with a distance between the pulmonary nodule and the pulmonary pleura of less than 1.5 cm. There were 15 patients in Group A and 27 patients in Group B with pulmonary nodules with a diameter less than 1 cm. Table 1 shows the specific characteristics of the pulmonary nodules. 
Causes of conversion to thoracotomy
Conversion to thoracotomy was required in nine patients in Group A (23.68%). The primary causes of conversion to thoracotomy were failure of positioning by finger palpation (six cases), and severe pleural adhesions (three cases). The diameter of the pulmonary nodules of the six patients with positioning failure was less than 1 cm. Conversion to thoracotomy was required in three patients in Group B (6.52%). One patient had a lump that was too small after unhooking, and positioning by palpation was not possible. The other two patients had severe pleural adhesions. Therefore, the rates of conversion to thoracotomy in Groups A and B were 23.68 and 6.52%, respectively, and the difference between these was statistically significant (P < 0.05). Table 2 shows the specific causes of conversion. 
Pathology results of pulmonary nodules
Definite pathological diagnoses were determined in all patients. Malignant nodules were diagnosed in 53 cases (24 cases in Group A and 29 cases in Group B). Primary lung cancer was diagnosed in 34 cases (15 cases in Group A and 19 cases in Group B) and metastatic cancer was diagnosed in 19 cases (9 cases in Group A and 10 cases in Group B). Other diseases were diagnosed in 31 patients (P > 0.05). Figure 2 shows the specific pathology results. 
Intraoperative conditions
The surgery was successfully performed for all patients in Group A. Accidents oc-curred with three patients in Group B. These accidents occurred because the nodule position was deep and the positioning steel wire placement was excessively deep. For two of the three patients, the positioning steel wire was cut off by the cutting closer during removal and remained in the healthy lung. It was then immediately removed endoscopically. In the third case, the steel wire was deformed by the head of the cutting closer instead of being cut off, and pulmonary wedge resections were completed under the direct guidance of the hook-wire (see Figure 3) . 
Operation results
The average operation duration was 118 ± 21 min in Group A and 53 ± 18 min in Group B. The difference between the groups was statistically significant (P < 0.05; see Figure  4A ). The average length of hospital stay of patients who underwent conversion to thoracotomy was 8.7 ± 2.2 days and the average length of hospital stay of patients who underwent thoracoscopic pulmonary wedge resection was 4.5 ± 1.6 days. The difference in length of stay between these two types of patients was statistically significant (P < 0.05; see Figure 4B ). 
DISCUSSION
In recent years, with the development of minimally invasive thoracic surgery, thoracoscopic surgery has been increasingly accepted by a wide range of patients and medical care personnel. To solve the problem of pulmonary nodule positioning, most doctors still use intraoperative finger palpation. The main advantage of palpation lies in the fact that the technique is a very simple method for both doctors and patients (Hwang et al., 2010) . For nodules less than 1 cm deep to the pleura and with a diameter greater than 1 cm, the method is very effective (Yin et al., 2012) . The finger palpation positioning technique is safe and incurs no extra expense, but the technique relies on the doctor's experience and has some obvious defects. It is not possible to distinguish nodules with a diameter less than 1 cm, those far away from the pleura in the visceral layer, and soft lumps. In addition, it is not possible to observe the position of nodules from the changes in the pulmonary surface profile, even if the lung collapses completely Prosch et al., 2011) . It is not possible to accurately determine the position of some superficial tiny pulmonary nodules (with a diameter less than 5 mm), which leads to conversion to thoracotomy and missed diagnoses (Calcagni et al., 2012) . To solve the problem, many methods of preoperative or intraoperative positioning are used clinically, e.g., hook-wire positioning, methylene blue staining, fluoroscopy assisted positioning, and the use of microscopic tactile sensors, intraoperative CT, finger palpation, intraoperative ultrasound, radio guidance and agar marking (Cao et al., 2012; Takeda et al., 2012) .
Hook-wire positioning is one of the preoperative invasive positioning techniques. All of the invasive positioning techniques carry a risk of complications such as pneumothorax, chest pain, pulmonary hemorrhage, and cough, because pulmonary puncture needs to be performed (Ichinose et al., 2013; Nouri et al., 2013) . It has been reported that the hook-wire positioning technique has multiple complications, particularly unhooking. Unhooking frequently occurs during patient transfer or during surgery, and may occur under the state of pulmonary collapse or during excision because the operator often strains the positioning steel wire when excising lumps (Tsushima et al., 2008; Masroor et al., 2012) . In addition, partial reports have indicated that the cutting closer may cut off the steel wire during surgery (Rozen et al., 2010) . Designing a rational angle of needle insertion is critical in ensuring successful positioning of small focuses (Kawanaka et al., 2009) . In this study, three-dimensional coordinates were established using the patients' body surface signs, three-dimensional reconstruction, and the CT puncture biopsy scanning sequence. The needle insertion angle and distance were accurately marked using three-dimensional coordinates, and the puncture points and needle insertion passage were defined using laser positioning lines and body surface signs. Increasing contact with the pulmonary tissue is a prerequisite in preventing dislocation of a metal hook (Nakamoto et al., 2010; Slotty and Stummer, 2012) . In our study, the metal hook penetrated deep through the nodules into the pulmonary tissue below (1-2 cm), increasing the contact area of the metal hook. The metal wire outside of the body surface was cut off immediately after positioning to reduce traction from external forces.
For some pulmonary nodules in specific positions, trapezoid or obtuse triangle resection may be performed instead of the traditional wedge resection, due to selection of the position of the operating incision during thoracoscopic pulmonary wedge resection Tamura et al., 2010) . In addition, it is difficult to perform deep wedge resections at sites on the truncated edge of the lung. Hence, hook-wire positioning was performed for pulmonary nodules on the truncated edge of the lung (e.g., posterior section of the lower lobe) at a depth of more than 2 cm. The thoracoscopic wedge resection has many risks, e.g., positive incisal margins, removal of excessive pulmonary tissue, failure to guarantee a rational distance between the incisal margins and the nodules, and retention of foreign matter due to cutting of the steel wire (Iguchi et al., 2009; Magistrelli et al., 2009 ). Thus, care should be taken in performing a wedge resection for deep pulmonary nodules, and preparations should be made for the resection of pulmonary segments or lobes (Miyoshi et al., 2009) . In cases where removal of a pulmonary segment or lobe is required following resection failure or retention of foreign matter, high-resolution thin-layer CT scanning is used to define the pulmonary segment where the nodule is located.
In conclusion, thoracoscopic preoperative CT-guided hook-wire positioning is a quick, accurate, and effective method that contributes to the removal of pulmonary nodules that are small in diameter and soft in texture. It can effectively reduce the rate of conversion to thoracotomy, decrease the operation time, and expand the surgical indications. The technique has some imperfections in positioning superficial tiny pulmonary nodules and deep pulmonary nodules. The number of cases used in our study was small, and the sample size needs to be expanded in future research in order to obtain more credible results. The technique used in this study has not been widely applied in China, so this research aims to increase awareness of it there.
